When asakusanori was incubated in artificial seawater, it released a significant amount of vitamin B12. The content of vitamin B12 (B12) in seaweeds varies between species (1-3). Some of seaweeds have higher concentrations of B12 than the meats of beef or fish (1-3). This suggests that they might be good resources of B12 as vegetable foods. However, little is known about the origin of B12 in the seaweeds. Ericson (4) investigated B12 uptake from seawater by three species of seaweed. He found that the ability of the seaweeds to take up B12 had nothing to do with its presence in the plants. The seaweeds that he studied were not edible. Bunt (5) reported B12 uptake by several species of seaweed, but he did not measure the B12 contents of the seaweed because his interest was in B12 as a nutritional requirement of the seaweeds, not as human nutrition. We observed that asakusanori (Porphyra tenera) contained
the highest concentration of B12 among seaweeds that people usually consume in Japan (3) . If the B12 content of asakusanori can be increased by being incubated in seawater with a high concentration of B12, the dietary value of the seaweed will be improved. Therefore, B12 uptake by asakusanori from seawater under controlled conditions was investigated.
This study showed the uptake of B12 by whole cells of asakusanori. We noticed that a significant amount of B12 was released into the seawater, and a part of the B12 was uptaken by asakusanori. We found that most of the released B12 from asakusanori was of the bound-form in this study. We compared the rates of uptake of the protein-bound and free forms.
Ericson (4) suggested that only adsorption of B12 to the surface of the seaweed occurred during 48h of incubation in some species. If this is the case, the viability of the seaweeds may not be necessary for B12 uptake. To clarify whether the uptake is a physiological process only in viable cells, B12 uptake by fresh asakusanori was compared with that of a frozen sample. The temperature-dependency of the uptake was also examined. 
RESULTS
In this report, B12 that does not bind to any proteins is referred to as free B12. Total B12 means the sum of free B12 and protein-bound B12.
Uptake means both only adsorption to the cell surface and the whole process including adsorption and internalization into the cell.
Rate of release of B12
The releasing profile of free B12 from asakusanori is shown in Fig. 1 . The average rate of release was 0.31ng/s at 0-4s. At 15-60s, it decreased to 0.011ng/s. The amount of free B12 released reached 20ng after 4h.
Total B12 released is about fivefold that of free B12 as mentioned in the next Uptake of B12 As shown in Fig. 3 , B12 uptake was dependent on the absolute amount of B12 added to the seawater. Uptake of B12 increased as the medium concentration of B12 increased up to 5ng/ml, and then the increase became small in spite of the increased B12 concentration in seawater. This suggests that the uptake process is saturable. Uptake of B12 released once to the medium If the released B12 was taken up by the seaweed in an amount equal to authentic crystalline B12, 9.2ng of B12/5g of seaweed would be taken up as estimated from the data of Fig. 3 . However, the actual uptake was only 3.6ng, which was about 25% of the released free B12.
Uptake of protein-bound B12
When 0.804, 3.78, 18.3 and 93.8pmol of haptocorrin was added to the seawater containing 3.78pmol (5.12ng) of 57Co• B12, the uptake of 57Co• B12 by 5g of asakusanori was 2.89, 0.60, 0.096 and 0.074pmol, respectively. With another B12 binding protein, transcobalamin, similar results were obtained. These results indicate that protein-bound B12 cannot be taken up by the tissues as easily as free B12. 
